In the past, to make the city liveable, the urban morphology has always be considered taking into account the climate, the buildings' density and characteristics, the type of inhabitants and their social condition. On the contrary, recently in the urban planning process the morphological aspects are no more included even if they influence the energy consumption, the thermal comfort of the urban spaces and the district air quality. Moreover, the socio-economic conditions of inhabitants might strongly affect the lifestyle choice and behavior of building occupants and thus, the probability of success of urban planning measures for energy conservation. The present study aims to: 1) identify the correlation between thermal energy consumption for space heating and urban variables and 2) investigate the role of socio-economic variables in energy savings potential. The city of Turin is suitable for these analyses because it is characterized by different urban forms and urban spaces and by various characteristics of the population. By using a GIS tool, the district 3, chosen as a case study, has been divided into different urban textures considering their urban and socio-economic characteristics. The results of this study show that the measured energy consumption of single building depends on the physical building features (f.i. thermal insulation level, the compactness, the energy system efficiency etc.) but also on the urban form and the streets' orientation. Another important result is that the social and economic situation of inhabitants has a relevant role in the success of sustainable policies. These conclusions may support urban planners in the definition of new urban areas with some "preliminary" energy savings measures at no cost and in formulating tailored policies according to socio-economic conditions from district to district.
INTRODUCTION
Urban areas are gaining more and more importance for strategic long-term energy planning since the urbanization phenomenon is raising the demand of new services and energy needs. As indicated by the IPCC [1] , about the 70% of the energy demand is requested by cities; and, in 2050, according to United Nations [2] , cities will host 2.5 billion people more.
As in the past, the urban form has an important role for the liveability of the city, the outdoor urban spaces and the indoor comfort. Besides, buildings envelopes and orientation were studied to limit heat dispersions and increase solar heat gains.
In recent years, in densely populated and urbanized areas the relationships between urban variables -like morphology, density and solar exposure -and buildings characteristics, have been analysed in order to identify their correlations and to estimate simplified models for space heating thermal energy consumption.
Considering that most of EU buildings pre-dates the '80s and are in compelling need of renovation, urban morphology can also help in the definition of energy savings strategies reducing the fossil fuel consumptions and then pollutant emissions.
Also, socio-economic variables of inhabitants such as income, education level, ownership of the house etc. can highly impact on the real feasibility and implementation of energy buildings' retrofit.
The aim of the present study is to analyse the impact of both urban form and socio-economic variables on buildings' energy consumptions in urban areas in order to help policy makers in planning new cities and in promoting tailored policies according to real built contest and inhabitants characteristics. This work ensues from previous researches in Italian urban contest [3, 4] .
The city of Turin is suitable for these analyses because it is composed by ten districts built in different periods and, consequently, characterized by different urban forms, urban spaces and socio-economic conditions of inhabitants.
In the "state of the art" section, an overview on the main studies about the influence of urban form in heating energy energy-use and on socio-economic variables has been drafted. In the "methodology" section, a "case study", characterized by a sample of buildings in the city of Turin, supports the analysis. The key results and the final statements are reported in the last paragraphs "results and discussions" and "conclusions".
STATE OF THE ART
In the next two sub sections, an overview on the state of art of researches focused on the relationships among urban form and energy consumptions as well as on the impact of socioeconomic demographic variables on energy conservation is provided.
Urban morphology
Analyses on buildings form archetypes have been performed since the '60s, especially for pointing out the relationship between urban form and land use [5, 6] . In these years many researches were focused on evaluating the environmental performance of the urban texture, f.i. daylight availability [7] , thermal comfort [8, 9] , climate [10] etc. Main works to refer and the field of application are summarized in Tab.1.
Table 1. Main researches related to urban form

Application field Main references
Land use [5, 6] Environment, climate, thermal comfort [7, 8, 9, 10, 11, 12, 13, 14, 15] Daylight availability and solar potential [7, 15, 16, 17, 18, 19, 20, 21] Energy consumption in: mobility [16, 22, 23, 24, 25, 26, 27] buildings [15, 27, 28, 29, 30] In these analyses usually the city is dived into building blocks/textures with group of private/public buildings, open spaces and streets. The division allows defining the urban metric [31] which is extremely useful to define parameters for measuring physical quantities related to environmental monitoring [12] and for energy efficiency analysis [32] . More recently, the links between urban form and energy consumption has been evaluated by many researches especially focusing on mobility energy consumption.
Anyway, some researchers have also been focused on searching the correlation with building energy-use and urban morphology. Related to buildings energy consumption at individual building level, many studies have been concentrated on the quality and quantity of the urban building, extremely important for space heating and cooling energy demand [33, 34, 35] . These analyses do not consider the shape of urban built environment and the different aggregation and configuration of building types, but anyway have been a basis for further correlation to urban form and building energy consumption. In fact, at the urban scale, the configuration of cities affect climate (indoor and outdoor) and have direct effects on the energy-use. Researches related to the urban configuration and building energy use -operational and embodied -has been carried on in recent years (Tab.1). The results of these researches highlight that: one of the main sensible parameter connected to the urban texture is the fenestration ratio [28] ; urban morphology can impact on heat energy demand up to a factor of six [29] ; tall and compact buildings are characterized by higher energy efficiency while detached houses by the lowest [29] ; urban compactness affects household energy-use and the relative carbon emissions [26] . The latter point, concerning the relationship among compactness and sustainability, is still under debate, as in the past, compact urban forms with high densities have been considered suitable for reaching sustainability targets [22, 8] and to improve energy efficiency [36] .
Moreover, with the growing concerns on climate change, the research started to focus also on the potential penetration of renewable energy sources in cities; in particular the relationship between solar renewable technologies potential and daylight availability on building facades, built forms and density considering different design criteria have been investigated. Results show that random configurations and scattered layouts both horizontally and vertically represent good solution for exploiting solar energy technologies on building facades. Results pointed out that: in dense cities the contribution of solar energy decrease by 10-75% [18, 19] ; right urban configuration can determine a potential improvement of 24% in solar energy production in Maceio`(Brazil) [20] ); solar irradiation of roofs could be increased by 9%, while that of faç ades could increase by up to 45% in London [21] ; changes in building height are the most sensitive parameters affecting the exposure to the sky and solar irradiation [14] .
To conclude, from previous studies can be highlighted that sky view factor at ground level has impacts on heat island effect, air pollution and surface energy balance [15] ; the aspect ratio (the greater it is and the lower is the solar irradiation exposure and the outdoor air flow movement), the distance between buildings in both axes (the greater it is and the greater is the daylight luminance level), the albedo (the greater it is and the lower is the heat island effect), the building width and the surface to volume ratio are the variables with higher impact on solar gains potential [20] ; that climate highly impacts on the buildings' energy-use and, in arid climatic areas, the courtyards configuration has a better response to environmental variables compared to pavilion types which are not suitable for humid/tropical zones [13] . In general, the most influent identified parameters for energy consumption in cities are built density, heated volume, urban morphology, the street type and their connectivity [27] . Moreover, for many researchers, compact urban blocks consistently perform better compared to detached houses, but the debate is still on going.
Most of previous studies on the relationship between energy-use and morphology focused on transport, energy sources and solar potential; just few analyses evaluate how energy consumption for buildings' space heating is affected by the urban form. In this work the influence of urban form on residential energy consumption is analytically evaluated comparing real consumption data with blocks of buildings urban variables.
Socio-economic demographic variables
Studies focused on the penetration of sustainable "green" issues depending on social conditions of population have been performed in recent years; they underlined that buildings' characteristics, their inhabitants and the social contest can influence the success of green policies. Burger and Gochfeld [37] and Gamba (1994) [38] assessed on recycling correlated with green behaviour of inhabitants and their social relationships, often linked to the neighbourhood emotional tie [39] and the probability to establish standards regulating the energy conservation measures [40] . Xu et al. (2012) [41] studied the effect of energy performance at blocks of buildings scale and verified the improvements in terms of energy performances as ecofeedback benefits. Anyway, all these studies were focused on social behaviour impacts on energy conservation in terms of energy savings and penetration of "green" lifestyles.
The research proposed in this paper aims to investigate how socio-economic variables influence social behaviours in terms of buildings' retrofit investment feasibility. Previously, this topic was analysed in Mutani et al. (2013) [42] assuming the main socio-economic variables affecting the building renovation potential for the Metropolitan City of Turin in Italy. The considered variables were: age, educational level, work occupancy, buildings ownership and type of family. All the parameters were correlated to the probability of investing/participating in retrofit measures. Accordingly, with the influence of each variable in the retrofit feasibility, different weights have been assigned. Then four feasibility classes were defined and associated to different buildings retrofit measures, estimating the energy savings potential. The same methodology has been applied by [43] to investigate the energy savings potential of a district powered by a refurbished district heating network.
In this research, the study of [42] has been taken as a basis for investing the potential and feasibility of energy savings measures. The proposed paper uses the historical database of energy performance certificates to validate and improve the assumed model for feasibility buildings' retrofit.
Results can help, together with occupant behaviour analysis [44, 45] in improving people awareness in energy saving measures and greener lifestyle. Several studies underlined an important variability in energy-use in terms of operation and management of systems' settings, where 'behaviour' is central key in energy consumption [46, 47, 48] . How the occupant behaviour is influenced by socio-economic conditions is still to be analysed.
CASE STUDY
The case study refers to a district in the city of Turin, in the North-West part of Italy, in the temperate continental climatic zone (2617 HDD at 20°C). Turin is characterized by 10 districts, about 40,000 residential buildings (most of them built before the '80s) and 3839 census sections. The case study is composed by a sample of 300 residential buildings selected in the district called "District 3". In order to evaluate the urban characteristics, the district has been divided into 484 different urban block of buildings (census parcels) by using a GIS tool.
Streets orientation, building density, building heights, building coverage ratio, aspect ratio and average albedo coefficient have been considered, and the socio-economic variables (instruction level, average age, work occupancy, number of person per family, buildings ownership, period of construction and heated volume) have been associated to each census parcels.
The local district heating company provided space heating consumption data and the heated volume for the selected buildings. The energy-use data have a monthly detail, for three consecutive heating seasons: 2011/2012, 2012/2013 and 2013/2014.
In Fig.1 the yearly space heating data have been normalized considering the standard Heating Degree-Days (2617 HDD, UNI 10349:1994). It can be detected that there is not a great variation of the buildings' energy-use and the relationship among building heated volume and energy consumption can be linear. Sample building volumes are between 3,000 and 30,000 m 3 while consumption is between 55 and 240 kWh/m 2 /yr. In order to consider only buildings with similar characteristics in terms of compactness, typology and construction period (from 1946 to 1980), 97 big condominiums with low values of surface to volume ratio were selected. Then, the variation in annual energy-use could be associated to the different urban contests (Eq. 1). 
METHODOLOGY
In the urban context, the building stock's energy consumption is affected by many factors that include the town planning criteria and the socio-economic factors. The most important parameters that influence buildings' energy performance, increasing or reducing the final energy-use for both winter heating and summer cooling, are: the design of the built environment; the relationship between the buildings and the open spaces; the type of materials of the external surfaces; the socio-economic data related to population and buildings census; the type of obstructions.
The following analyses evaluate how energy consumptions might depend also on urban contest and how the socioeconomic conditions may influence the feasibility of the buildings' retrofit.
The town planning criteria
In order to take into account urban variables in residential energy consumption models, two urban factors have been calculated: the "Urban morphology" factor (U) and the "solar exPosure" factor (Ps).
The "Urban morphology" factor (Eq.2) describes the urban configuration considering the distribution of building heights (H), the relative distance among buildings (W) and the buildings' coverage ratio (BC). This latter variable (BC) describes the relationship between the open spaces and the buildings' footprint; it can vary from 0 (the area totally uncovered) to 1 (the area completely covered). The "height to distance" ratio (H/W) calculates the relationship of buildings' height and their distance considering an average value characteristic of the census section.
The "Urban morphology" factor (U) includes, indirectly, two other variables: the buildings' density (BD) and the average buildings' distance (W):
The "solar exPosure" (Ps) is function of the heights of the buildings (H) and of the main orientation of the streets (MOS).
The main orientation of the streets (MOS) influences the orientation of the overlooking buildings and the shadowing on the outdoor spaces. With East-West orientation, the solar gains are greater than with North-South orientation. To quantify this variable, a value of 1 has been attributed to orientation of 45° from South, values of 1.3 to East-West and 0.7 to South-North orientations.
In Eq. 3 the height of each building is compared with the average height of the surrounding (H/Hm) and the solar exPosure (Ps) is:
The "albedo" factor (A) should normally be considered because it influences the outdoor temperatures; it depends on the outdoor surfaces materials as paved streets, green areas and buildings' facades and roofs.
Since the chosen area (District 3) is characterized by similar materials, the albedo is constant and it does not influence the variations in energy-use. Thus, in this analysis the albedo is neglected and the Global urban factor (GUPs) is evaluated as the product between the "Urban morphology"
GUPs = Global value (U, Ps). (4)
In this work, the energy-use for residential space heating is compared among each census section in order to evaluate the correlation between urban contest characteristics (GUPs) and energy consumption data for buildings' space heating.
The Socio-economic factors of inhabitants
In this subsection, the methodology for defining the correlation between the feasibility of residential buildings' retrofit and socio-economic variables is described. The procedure is based on the previous analysis performed by [42] . The socio-economic analysis aims to identify a model able to describe the citizens' disposability and sensitivity to buildings' refurbishment. The considered socio-economic factors are following:
1.
The age factor (fa): the ratio between population with an age in the range of 25 -69 years and the total population.
2.
The employment factor (fe): the ratio between the employed part of population and the total active population.
3.
The property factor (fp): the ratio between the number of families that own their apartment and the total number of families.
4. The family factor (ff): the ratio between the number of families composed by 1-2 components and the total number of families.
5. The education factor (fed): the ratio between the population with high school diploma or higher instruction level and the total population.
6. The building's occupation factor (fo): the percentage of buildings that are occupied during the whole year.
7.
The period of construction (fpc): the number of buildings built before 1945 over the total number of buildings.
Higher values of the selected socio-economic factors mean a higher feasibility of retrofit in buildings. The factors need to be comparable and thus they have been normalized with respect to their mean value. With the normalization, all the factors have an average value of 0.5.
Moreover, the impact of the different factors on the retrofit feasibility process is different according to the relevance of the parameter on the willingness and capability to invest. Thus, a different weight has to be associated to each factor.
The analysis considers the 3839 census sections of the city of Turin. In Tab. 2 the mean value and the standard deviation of each variable are reported. This methodology is intended to be easily replicable in other territorial contexts and allows a progressive update and improvement of the model. By assigning the weight to each factor, a final feasibility index F can be calculated multiplying the normalized "n" socio-economic factor by a coefficient α (Eq.5):
In this paper, to test the procedure based on a Multiple Linear Regression Model, the available data on building renovations derived from the energy certifications registered in the Piedmont Region from 2009 have been used. Starting from 3,839 Turin census sections with 141,085 energy performance certificates (APE), the analysis was focused on 3,510 retrofit interventions APE (2.5%) in only 1,431 sections.
The future goal is to define different values of benchmarking for energy savings to the different socioeconomic groups of population. Starting from the evaluation of the feasibility index, different classes of feasibility can be defined; to each class a different level of buildings' retrofit can be associated [42] .
RESULTS AND DISCUSSION
In this section, results of the analyses are discussed separately for urban morphology and feasibility of buildings' retrofit.
Correlation between urban morphology and energy consumption for space heating in buildings
The "Urban morphology" factor (U) and the "solar exPosure" factor (Ps) affect the thermal energy-use for space heating of a block of buildings in two different ways: 1) If the urban coverage ratio or the buildings' density are too low or too high, the energy-use for space heating grows because the buildings are too isolated or closed; thus, the energy-use values are low for "optimal" values of the "Urban morphology" factor U.
2) The space heating energy-use decreases if the "solar exPosure" factor Ps increases (as the solar heat gains in winter time increase).
The optimal values of "Urban morphology" factor U can be calculated by multiplying a constant Buildings' Coverage ratio (BC) by a typical value of the aspect ratio (H/W). In urban planning practices, the typical height to distance ratio (H/W) is of 1 ± 10%. With higher values of H/W, buildings are very closed, with limited solar heat gains and a low solar exposure in urban canyon. With lower values of H/W, solar heat gains increase but the external air temperature decreases locally because the urban canyon effect is absent. The buildings' coverage ratio can significantly vary between different districts, depending on the relationship between open areas (uncovered) and buildings (covered). Fixing the height to distance ratio equal to 1 ± 10% and the width of the streets (about 10 meters), as the typical values, the standard coverage ratio will be consequently determined. Obviously the coverage ratio depends on the buildings' footprint: the lower is the footprint (detached houses), the lower is the coverage ratio and vice versa. Considering an average value between different configurations, the typical coverage ratio is about 33%. The global "Urban morphology" factor (GU) can be used to set three urban morphology classes for each census section: -Class 1: GU < 0.30 -Class 2: 0.30 ≤ GU ≤ 0.36 (the optimal) -Class 3: GU > 0.36. The buildings' coverage ratio and the distance between facing buildings are correlated variables, since the variation of one inversely influences the other. With lower distances between opposite buildings, the coverage ratio increases, and vice versa. In Class 1 the buildings are closer (with constant height) or, otherwise, the heights are greater with constant distances; vice versa in class 3. In both cases, the heating energy-use will be higher compared to Class 2, but for different reasons: with lower "Urban morphology" factors the solar gains are not compromised by close and high facing buildings, but the canyon effect between external walls is almost absent; with higher values, vice versa, the shadowing effects are predominant, limiting somehow also the canyon effect since the solar radiation is unable to be reflected between the facades.
Regarding the "solar exPosure" factor, with an East-West building axis, the solar heat gains are higher, since the solar radiation is available during all the daytime. This factor is represented by the main orientation of the streets (MOS). The solar exposure ratio (H/Hm), otherwise, takes into account the average shadowing component: higher or lower values mean that the buildings have different heights with more or less solar heat gains.
The optimal class has been fixed considering a range of orientations between -30° and +30° from the East-West axis, with an equivalent value of the main orientation of the streets (MOS) higher than 1.15, and a solar exposure ratio (H/Hm) higher than 1.1.
In this work the "solar exPosure" factor (Ps) has been divided in two classes: the optimal is represented by values higher than 1.26 (Eq.6).
( ) = ( / > 1.1) * ( > 1.15) (6) The Urban morphology" factor (U) and the "solar exPosure" factor (Ps) can be analyzed singularly, but their combination will provide further information about the thermal energy demand behaviour of a district.
Intersecting the parameters, a final matrix composed by six cells can be obtained (Tab. 3). Districts with a standard coverage ratio, an optimal height to distance ratio (H/W = 1), with a prevalent East-West streets' orientation and a high solar exposure, will register lower values of thermal energyuse. For each census parcel, the urban variables and the global U and Ps factors have been calculated and attributed, using a Geographical Information System (GIS) tool. The first analysis was about the classification of the parcels using the six classes of Tab. 3. In Tab. 4 the percentage of buildings for each class has been represented. The district 3 of Turin is mainly characterized by high and close buildings (66%, class 3 of U), since the coverage ratio is equivalent to the average value (0.33) considered in the definition of the optimal class for the "Urban morphology" factor. Only the 12% of the buildings is included in census sections with an optimal urban morphology (class 2 of U). Anyway, most of the sample (62%) is within the optimal class regarding the "solar exPosure" factor.
Globally, the 8% of the considered buildings has the best urban energy performances, whereas the 33% has the worst.
Finally, the comparison of the average heating energy consumption for space heating on each census section has been examined for different class of U and Ps factors. The results presented in Tab. 5 confirm the role of urban morphology and solar exposure factors on the energy consumptions for space heating in residential buildings.
In Fig. 2 the map of the energy-use for space heating for the sample of the residential buildings in district 3 in the city of Turin is represented. Despite the first hypothesis, in which districts with a high "Urban morphology" factor and a not optimal "solar exPosure" factor were considered as high energy-use ones (Tab. 3), the data highlight a different result. In fact, the "solar exPosure" factor seems to be irrelevant in case of high density districts: this consideration has a logical reason, since the radiation in this type of urban districts, during the heating season, has a low influence, both for the limitation of the solar heat gains due to high shadowing effects and the insufficient contribution of the urban canyon effect. 
Correlation between urban socio-economic factors and building retrofit feasibility
In order to define the weights of the socio-economic factors (Eq. 5) and to highlight which are the more relevant ones, a multiple linear regression model has been created to calculate the buildings' retrofit feasibility. Then, the model correlates the buildings' retrofit feasibility as the number of energy performance certificates APE (for buildings and for apartments) to the socio-economic variables. In Tab. 6 the resulting correlation indexes are reported for each socioeconomic variable; negative correlations were neglected. The multiple linear regression analysis was optimised considering only the set of variables having a strong correlation with the socio-economic variables (Tab. 6). The correlation coefficients of apartments have been multiplied by 10 because the number of APE/apartments was too low.
Comparing the real number of APE represented in Fig. 3 
/ . 10 = 0.328 Figure 3 . Number of energy performance certificates (APE) per census section due to buildings' retrofit interventions in Turin
As it is possible to observe from the multivariable linear regressions (Eq. 7 and 8), the most influencing socioeconomic variables are the buildings' period of construction and the education level of inhabitants. Only in the feasibility index per building, the inhabitants' employment rate and the buildings' occupation percentage are relevant.
CONCLUSIONS
This work highlights the importance of a good urban planning in reducing the thermal energy consumption of a district and to increase the quality of life of citizens, both inside and outside the buildings. The analysis underlines the key role of two urban variables: the height to distance ratio and the main orientation of streets and buildings. In the first case, the distance between opposite buildings is a crucial aspect in generating a positive urban canyon effect during the wintertime, increasing the absorption of solar irradiation. The height of the buildings should be planned in relation to the "optimal" distance, avoiding shadowing effects in wintertime, when the solar height is lower. Regarding the main orientation of streets and buildings, the urban design should prefer the East-West orientation, maximizing the exposure and solar heat gains. Moreover, with the new regulations on renewable energy sources (e.g. photovoltaic and solar thermal), the availability of a large south exposed pitched roof becomes an essential requirement.
These considerations are limited to the heating season, since in summertime the situation is almost the opposite. Anyway, to mitigate the solar absorption in summertime other solutions can be evaluated as: natural or artificial shields, green roofs, deciduous and broadleaf vegetation, etc.
From the results obtained with the analysis on the district 3 of Turin (Tab. 4 and Tab. 5), some considerations can be deduced. First of all, the average consumption of buildings in class 2 of the "Urban morphology" factor is considerably lower than the other classes: -14% compared to class 1 and -11% to class 3. Applying these coefficients to an entire district of about 10,000 inhabitants, the difference between the "optimal" urban model and the others amount to 4.5 GWh.
The "solar exPosure" factor represents also a key element in diversifying the space heating energy consumption: the districts with a prevalent non-optimal condition have an average energy-use of +5%. The situation changes significantly between high density (class 3) and low density districts: in the first case, the "solar exPosure" factor is almost absent, since the shadowing effects are predominant, limiting also the urban canyon effect. Therefore, the gap between the optimal and not optimal classes is negligible. Otherwise, in class 1 (very low buildings' density), the "solar exPosure" factor become the most important parameter in diversifying the thermal energy-use, and the gap between optimal and not optimal conditions is higher of about 13%.
Comparing the best and the worst combination of urban factors the incidence of urban planning is really impressive and equal to 26% in reducing the energy-use of the buildings.
The final result confirms the centrality of urban planning in modifying the thermal energy-use of a block of buildings. These considerations should be included in the design of new urban areas, but can find an application also in the retrofit of existing neighbourhoods. During the strategy definition for energy retrofit, another important aspect to be taken into account by urban planners is the distribution of population in terms of socio-economic conditions. In Turin, the feasibility of retrofit measures depends mainly by: -The buildings' period of construction and percentage of heated volume and -The inhabitants educational level and employment rate.
Results are reasonable for two reasons: the construction period affects the need of renovation of a building; education level is positively correlated to income and thus to the capability of afford the investment and to the awareness on energy savings effects on the environment or as a good economic investment.
Anyway, collecting more energy performance certificates from the Piedmont Region can improve the consistency of the feasibility model in future analyses.
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